Abstract. The yucca moths (Tegeticula and Parategeticula) are of great importance in studies of coevolution because of their obligate mutualism with their yucca hosts. Historically, three species of Tegeticula have been recognized. One of them, T. yuccasella, has been regarded as the pollinator of all but two yucca species, but morphological, molecular and biological data show that this is a large complex of monophagous and oligophagous species that differ greatly in their biology. It also includes derived`cheater' species that do not pollinate their hosts and oviposit into fruits rather than¯owers. Here the yuccasella complex north of Mexico is revised. The nominotypic pollinator species yuccasella is redescribed, and ten new pollinator species described: altiplanella, baccatella, carnerosanella, cassandra, elatella, maderae, mojavella, rostratella, super®ciella and treculeanella. Two non-pollinating cheater species are recognized. One such species originally misidenti®ed as a Prodoxus species, then synonymised with yuccasella, is reerected as the non-pollinating intermedia. In addition, the new non-pollinator species corruptrix is described.
Introduction
The yucca moths of the genera Tegeticula and Parategeticula (Prodoxidae) are arguably the most well known of all monotrysian Lepidoptera, because of their obligate pollination mutualism with yuccas and the central role of this relationship in the study of coevolution (Riley, 1892; Davis, 1967; Powell, 1985 Powell, , 1992 Thompson, 1994; Pellmyr et al., 1996a,b) . The female yucca moth uses unique maxillary appendages to ®rst collect host pollen, then oviposit into yucca ovaries or other oral parts, and actively deposit pollen onto the stigmatic surface after oviposition. Thus, she assures pollination, which is critical as her progeny develop only on yucca seeds. Yucca moths are the only documented pollinators of yuccas, so there is an obligate dependence between the plants and the moths.
Erected by Zeller (1873) , Tegeticula historically has been considered as consisting of three species (Davis, 1967) . Tegeticula synthetica is monophagous on Yucca brevifolia and T. maculata on Hesperoyucca whipplei, whereas T. yuccasella has been regarded as a single species that pollinates all other of the approximately thirty yucca species. Meanwhile, every major writer on yucca moth systematics has remarked on variation within T. yuccasella (Riley, 1892; Busck, 1947; Davis, 1967; Powell, 1985 Powell, , 1992 , and in some instances suggested that more than one species may be combined under the name. Miles (1983) , using morphometric tools, showed that the pollinator moths of three sympatric yuccas in southern New Mexico were highly distinctive. Addicott and associates also suggested that multiple taxa may exist (Addicott, 1986; Addicott et al., 1990; Tyre & Addicott, 1993) , but data to support this suggestion are so far limited to a cluster map of two female morphological traits to quantify the distinctiveness of two groups (Addicott, 1996) . A major change in the view of T. yuccasella was the realization that females lacking tentacles needed for pollination are not conspeci®c as suggested by Busck (1947) , but actually show biological differences by not pollinating and instead ovipositing into developing yucca fruits (Tyre & Addicott, 1993; Addicott, 1996; Pellmyr et al., 1996a) . In fact, Davis (1967) in his revision of the yucca moths recognized differences among moths from different hosts, but only a mixing of pollinators and non-pollinators from hosts occluded the distinction of morphotaxa. Recent molecular phylogenetic data corroborated hypotheses of multiple taxa within the yuccasella complex, as well as the distinctiveness of cheater yucca moths, and showed that the non-pollinators were derived from pollinating ancestors (Pellmyr et al., 1996b) . In recognition of the biological differences among species in the yuccasella complex, the non-pollinating species have been given the vernacular names of`cheaters' (here including two species), in contrast to the`pollinators' (here including eleven species) (Pellmyr et al., 1996b) . The cheaters were further divided into`early cheaters' and`late cheaters', depending on the stage of developing fruit used by the species (see next section).
Despite the fame of the yucca moths, available material for systematic work has been quite limited. Furthermore, more than 600 specimens, nearly half of all material in USNM, was collected by yucca monographer Susan McKelvey, and it is of limited use. McKelvey worked under ®eld conditions, and evidently provided pinned specimens with little data to Busck (1947) , who subsequently had the material spread and labelled. Some moths are obviously mislabelled (Davis, 1967; Frack, 1982) , and my examination revealed several instances where moths from one plant accession had different locality data or dates. For this reason, any range or host extension records that rely on her collections alone have been excluded. This shortage of material greatly hampered the possibilities for taxonomic work for earlier workers. To remedy this situation, I have collected extensively on all yuccas in the United States portion of North America throughout their ranges since 1992. The resulting database of about 1400 pinned and spread and 500 frozen moths formed the core for the present revision, with critical additions provided from other collections. Material has been preserved for molecular studies as well, and results from that work has appeared and will appear in publications addressing yucca moth ecology and evolution (Pellmyr et al., 1996b; Leebens-Mack et al., 1998; Pellmyr & Leebens-Mack, unpublished data) . This paper is intended to serve the immediate purpose of making available descriptions and diagnostic keys for accurate identi®cation of species within the complex. The history of past conglomeration of many species under the yuccasella label, together with a lack of voucher specimens, severely limits the utility of many published ecological studies.
Biology and activity patterns
Given the long history of study, much detail has been published about the biology of members of the yuccasella complex (e.g. Riley, 1892; Trelease, 1893; Davis, 1967; Powell, 1985 Powell, , 1992 Tyre & Addicott, 1993; Pellmyr, 1997) . This section only presents data not previously available, and summarizes data on diel activity. Prodoxidae is one of the more basal families of Lepidoptera where nocturnal activity has evolved. In contrast to the partly diurnal T. maculata (Trelease, 1893) , adult moths within the yuccasella complex are quiescent during the day. The cryptic adults of all pollinator species usually rest inside yucca¯owers, sitting on the ovary with the head at the ovary base. Adults have also been found resting among foliage at the base of the leaf rosette (J. Leebens-Mack, personal communication) . Early cheaters (T. intermedia) also rest in the¯owers during daytime, but only appear during the end of the host¯owering period as they oviposit into young fruits. Late cheaters (T. corruptrix) oviposit into full-size fruits, and can be found during the day resting inside¯owers of straggler plants that¯ower several weeks after the main¯owering period. This is not uncommon, particularly in Y. elata. Resting sites for late cheaters in the absence of¯owers are not yet known.
Most pollinator species become active shortly after sunset, ying between plants in search of mates and suitable¯owers for oviposition. Both sexes are attracted to UV light for about an hour early during the night, with males continuing somewhat later than females. Both sexes remain active, searching for mates and ovipositing on plants well after most interplant¯ight has ceased. Activity usually slows down after 2±4 h, but can continue for longer during calm, warm weather. Cheater moths, which are highly apparent while ovipositing into the green fruits, become active at complete darkness, usually about 1 h after sympatric pollinators. Activity in the early cheaters peaks during the ®rst hour, and then becomes occasional; duration is not known in late cheaters, but lasts for at least 2 h. Both cheater species come readily to UV light during the early night.
Females of all pollinator species observed collect pollen by a raking motion of the tentacles across the anthers, and then use tentacles and forelegs to compact the pollen and store it under the head. Numerous sensilla on the labial palp are appressed laterally against the pollen load, or sometimes even embedded, and probably serve in providing information about the size of the pollen load. The pollen stays in place by the sticky pollenkitt alone, with tentacles being moved freely. All species are stereotypical in oviposition, sitting with their head upward between or above two stamens. While ovipositing, the female extends her tentacles and uses the tips to remove a small pollen amount from her batch, which she subsequently uses during pollination. In contrast to a suggestion by Riley (1892) , females at times interrupt their oviposition and pollination bouts to drink minute nectar amounts at the petal base, or to drink water elsewhere.
Females of the two cheater species alight on developing fruits, and attempt oviposition in any place and at any angle on them. A small droplet often exudes from fresh oviposition scars, and females drink such droplets as well as nectar and water from any available yucca¯owers.
Materials and methods
A total of 2895 pinned, reasonably intact specimens were utilized for this study. From these specimens, 206 genitalic dissections were made. For preparation of genitalia, the entire abdomen was removed and boiled for 7.5 min in 10% aqueous KOH. Female genitalia were stained for 3 min with Chlorazol black. After dissection, measurements were made under an Olympus q SZ40 dissection microscope at 10±40Q using a micrometer scale. Specimens to be used for ®gures were mounted in polyvinyl lactophenol on a glass slide, and the remainder were individually stored in 96-well plastic Falcon q tissue culture trays. Mouthparts were prepared by removing entire heads, boiling them in KOH as above, and mounting isolated palps on glass slides. For ®gure preparation, most genitalia images were captured directly onto a Macintosh computer using a video camera mounted on an Olympus q SZH10 microscope with transillumination. For mouthparts and pectinifers, the images were ®rst photographed at 200Q using a Zeiss q Axiomat microscope and the negatives then scanned into digital format using a Polaroid q SprintScan35. All images were then edited in Adobe q Photoshop q into ®nal ®gures.
General description and diagnostic traits for the yuccasella complex
Relatively small moths with slender forewings (Fig. 1) . Wingspan 15±35 mm, with females bigger than males. Head: Maxillary palp 5-segmented; females of pollinator species with tentacular appendage arising from distal portion of ®rst segment of each palp (Fig. 2B) ; tentacles with large number of curve-tipped trichoid sensilla (Fig. 3A) . Tentacles absent in males of pollinator species ( Fig. 2A) , but a cluster of small, curve-tipped trichoid sensilla often present on ®rst maxillary palp segment (Fig. 3B ). Cheater species with rudimentary tentacle, ranging from patch of small curve-tipped trichoid sensilla, to small conical tentacle rudiment (Fig. 2E) , to slender tentacle (Fig. 2C,D ) no more than 1 3 length of functional tentacle. Expression of rudiment similar among sexes in cheater species. Labial palp 3-segmented, with females of pollinator species having enlarged, curved second segment, with 20±40 long sensilla trichodea on ®rst and second basal segments (Fig. 4B) ; males of pollinator species with 0±3 such sensilla (Fig. 4A) , females of cheater species 0±3 smaller sensilla (rarely`15 in T. intermedia), 0 or 1 in males (Fig. 4C±D ). Pilifers present.
Thorax: Foretibia of all species with well developed epiphysis. Forewings usually white to light creamy white, rarely with tan scales or complete tan colouration (Fig. 1) . Hindwings white to dark greyish brown.
Male genitalia: Valva ( Fig. 5) with pectinifer of few to many fused spines at the apicoventral edge (Fig. 6 ). Aedeagus highly variable in length and width, curved in come species with longer aedeagus (Fig. 7) . Vinculum-saccus highly variable in length, positively correlated with aedeagus length (R 2 = 0.98, P < 0.0001, n = 13 species).
Female genitalia: Apophyses highly variable in length among species, straight when short, curved when longer (Fig. 8) . Ovipositor created by distad fusion of apophyses posteriores, with ®nely serrate, dorsal keel varying in length, height and shape (Fig. 9 ). Corpus bursae with 2 oppositely placed hemispheric spinose signa on inside walls; both corpus and signa highly variable in size among species (Fig. 10) . While general habitus can be suf®cient for identi®cation of all species, especially if a series of specimens is available, examination of genitalia provides de®nitive identi®cation. For this revision, the genitalia of 5±30 individuals of each species and sex were dissected and measured. Means and standard deviations are provided in Tables 1 and 2 , and ranges given in individual species descriptions. In males, the length and diameter of the aedeagus, number of spines fused into the pectinifer and shape and height of the valva is suf®cient for identi®cation. It should be noted that the pectinifers often are asymmetrical, and the total number of spines of the two pectinifers is a better diagnostic trait. In females, the length of the apophyses, shape of the dorsal keel on the ovipositor, and diameter of the signa are highly diagnostic. There is also considerable variation in bursa volume, but because the degree Fig. 7 . Aedeagus of the species in the yuccasella complex. A, T. altiplanella; B, T. baccatella; C, T. carnerosanella; D, T. cassandra; E, T. corruptrix ex Y. baccata; F, T. corruptrix ex Y. elata; G, T. elatella; H, T. intermedia; I, T. maderae; J, T. mojavella; K, T. rostratella; L, T. super®ciella; M, T. treculeanella; N, T. yuccasella. Fig. 6 . Pectinifer on the right valva of the species in the yuccasella complex. A, T. altiplanella; B, T. baccatella; C, T. carnerosanella; D, T. cassandra; E, T. corruptrix ex Y. baccata; F, T. corruptrix ex Y. elata; G, T. elatella; H, T. intermedia; I, T. maderae; J, T. mojavella; K, T. rostratella; L, T. super®ciella; M, T. treculeanella; N, T. yuccasella.
of in¯ation varies among specimens it is of lesser diagnostic value for individual specimens. All numbers given here refer to unmounted preparations. In general, all measurements should be made before mounting because several structures are strongly deformed when¯attened, especially in males, and variation in measurements becomes arti®cially increased. Except for photographic purposes, it is desirable to store these genitalia permanently in vials, rather than on slides.
Molecular markers are available for all species, and can be used when identi®cation is critical for specimens of poor quality. A 2.1 Kb region of mitochondrial DNA (Pellmyr et al., 1996b) has been used for phylogenetic analyses of all entities described here, and it provides for de®nitive identi®cation. GenBank accession numbers are provided in the species descriptions, and more samples will be added in the future.
Species descriptions
Descriptions only treat the adult stage because immature stages are very poorly known, and no morphological traits have been identi®ed that are useful for diagnosis. A brief description of biology is provided as available for each species. Additional illustrations of all species will be provided at their web sites on the Tree of Life (Maddison & Maddison, 1996) .
In the lists of examined material for each species, the collector is given in italics. McKelvey collections are given as McK + source plant accession (McKelvey, 1938 (McKelvey, , 1947 Paratypes to complement current holdings will be placed in LACM, UCB, UNAM, the American Museum of Natural History (AMNH), the Australian National Collection (ANC) and The Natural History Museum, London (BMNH).
Abbreviations used in locality data include: NF, National Forest; NM, National Monument; NP, National Park; NWR, National Wildlife Refuge; WMA, Wildlife Management Area.
A special note is required regarding host plants, which is complicated by the instability of Yucca nomenclature. The actions of horticulturists and systematists applying typological species concepts have led to a plethora of named entities of dubious distinction at best. My own experience with yuccas in the ®eld generally ®t the conclusions of more recent botanists who, based on quantitative analyses and extensive ®eld experience, have synonymised many entities. In host records below, I follow these more conservative circumscriptions, following sources such as Reveal (1977) and Robbins (1983) whenever applicable. Other names provided on labels or in the literature are provided in parentheses. One anterior apophysis is broken in A and B, causing differences in length. A, T. altiplanella; B, T. baccatella; C, T. carnerosanella; D, T. cassandra; E, T. corruptrix ex Y. baccata; F, T. corruptrix ex Y. elata; G, T. elatella; H, T. intermedia; I, T. maderae; J, T. mojavella; K, T. rostratella; L, T. super®ciella; M, T. treculeanella; N, T. yuccasella.
Keys

Males
1.
Summed number of spines in pectinifers 37±50; forewing creamy white. (Fig. 5A,N Tegeticula yuccasella auct.
Wingspan: 18±23.5 mm, 19±27.5 mm. Integument dark brown. Head: With white scales. Maxillary palp with fully developed brown tentacle in female, and usually prominent rudiment in male. Labial palp with brown scales dorsally on all segments, intermixed with white or tan scales on 2 distal segments; female with 20 or more sensory setae ventrally on second segment; 1±3 setae present in most males. Proboscis amber, lighter than maxillary palp. Antenna 0.39±0.45 Q length of forewing, with 42±45 segments; white scales cover basal 16±19 segments, remainder dark brown.
Thorax: With white scales. Legs lighter distally, with brown femora and amber yellow tibia and tarsi. Forewing length in male 8.6±9.7 mm, female 10.3±11.2 mm; width in male 2.4± 3.0 mm, female 3.1±3.5 mm; dorsal surface usually white, with some individuals having scattered tan colouration, especially in distal portion; all individuals with narrow band of dark brown scales on costa from base to 20±45% of entire length. Underside dark brown except for yellowish white portion overlapping hindwing. Forewing fringe white, with tan on basal third in some specimens with extensive tan on dorsal surface. Hindwing dark brownish grey, darkest by fore edge and apex, gradually lighter toward back corner; generally lighter in southernmost populations. Underside sparsely scaled in brownish grey, with darker area along fore edge where overlapping with forewing. Hindwing fringe dark to medium brown, with basal third often darker than adjacent wing region, creating a relatively distinct line.
Abdomen: With dorsal scaling tan to dark tan, without lighter scales along posterior edge of each segment; in both sexes last 2 segments with white () or orange brown () erect scales forming brush. Underside white to light tan in female, light to medium tan and rarely white in male. In male, valva with white or light tan scales, often with darker scales on posterioventral edge near pectinifer.
Male genitalia: Vinculum-saccus 1.5±1.7 mm long, valvae with slightly tapering cucullus (Fig. 5A) , asymmetrical pectinifer consisting of 9±14 fused spines (Fig. 6A) , without well de®ned crescent below pectinifer found in T. yuccasella. Aedeagus 1.70±1.85 mm long, 0.03±0.04 mm in diameter (Fig. 7A ).
Female genitalia: Apophyses posteriores 6.3±6.5 mm long (Fig. 8A) ; ovipositor with 0.3±0.5 mm long, 0.03 mm high serrated dorsal ridge starting 0.08±0.11 mm behind tip (Fig. 9A) ; ductus bursae 2.0±2.5 mm long, corpus bursae of intermediate size, with two 0.6±0.8 mm signa (Fig. 10A) .
GenBank accession number: U49037. Etymology: The species epithet refers to the high plains of the Colorado Plateau, which constitute the main geographical range of the species. Albuquerque, 20.v-4.vi.1944 , 2.vi.1945 (LACM); Colfax Co., Raton, 31.v., 4.vi.1934, 17 5 (McK4860, 4899 ) (USNM); Lincoln Co., N Claunch, 8.vi.1993 , 1 1 (Pellmyr) (OP); San Juan Co., SW Farmington, 27.v.1994, 3 (Pellmyr) Colorado (Leebens-Mack & Pellmyr, unpublished data) . Tan colouration of forewings is limited to high elevation areas on the Plateau, whereas hindwings are distinctly lighter in material from central New Mexico (Fig. 1A, Table 3 ).
Tegeticula baccatella sp.n. (Fig. 1B) Tegeticula yuccasella auct.
Wingspan: 19.5±24 mm, 23±28 mm. Integument dark brown.
Head: With white scales, and light tan scales at back in specimens with heavily tanned wings. Maxillary palp with fully developed brown tentacle in female, often evident as prominent protrusion in male. Labial palp with brown scales on ®rst and part of second segment and dorsally on other segments, elsewhere white-scaled; female with at least 30 sensory setae ventrally on second segment; 1±3 setae present in male. Proboscis light brown, lighter than maxillary palp. Antenna 0.40±0.54 Q length of forewing, with 43±46 segments; white or light tan scales (matching forewing scales) cover basal 15±18 segments, remainder dark brown.
Thorax: Usually with white scales, but tan when such colouration present on forewings. Legs lighter toward distal portion, with brown femora and brownish yellow tibia and tarsi. Forewing slender, length in male 9.0±10.0 mm, female 11.3±12.2 mm; width in male 2.4±2.9 mm, female 2.9±3.4 mm; dorsal surface usually white, with some individuals having scattered tan scales or even completely tan colouration; all individuals with narrow band of dark brown scales on costa from base to 20±35% of entire length. Underside solid dark brown, except for white costal front beyond dark scales and by apex, and yellowish white portion overlapping hindwing. Forewing fringe ranging from white to tan, matching wing colouration. Hindwing dark greyish brown, with darkest portion by apex above M 1 . Underside dark brownish grey. Hindwing fringe brownish grey in basal third, ranging from light grey to white in outer portion.
Abdomen: With brownish grey to tan dorsal scaling, without lighter scales along posterior edge of each segment; in both sexes last 2 segments with light tan-white () or tan to near white () erect scales forming brush. Underside white to solid tan, with most individuals having light tan scales interspersed with some white scales. Valva in male matching forewing, ranging from white to tan.
Male genitalia: Vinculum-saccus 2.2±2.6 mm long, relatively large valvae with drawn out, tapering cucullus (Fig. 5B) , and¯at, comb-like pectinifer consisting of 9±17 fused spines (Fig. 6B) . Aedeagus (Fig. 7B) 2.6±3 mm long, at 0.02 mm diameter narrowest of all species in the complex except T. carnerosanella.
Female genitalia: Apophyses posteriores 7.4±8.3 mm long, with apophyses anteriores reaching front of abdomen (Fig. 8B) ; ovipositor with 0.03 mm high, 0.4±0.6 mm long keel of ®ne teeth starting 0.1 mm behind tip (Fig. 9B) ; ductus bursae 1.9± 2.5 mm long, corpus bursae of smallest volume in group, with two 0.36±0.44 mm signa (Fig. 10B) , smallest diameter of any species treated here.
GenBank accession numbers: U49026, AF062313±6, AF062431±2, AF062438±46.
Etymology: The species epithet is derived from Y. baccata, the known host plant.
Material examined: 190, 112. Holotype, , USA: New Mexico, Don Äa Ana Co., Las Cruces, Jornada 2.5 km N Don Äa Ana Pk, Creosote desert, in Yucca baccata¯owers, 1350 masl, T21S R2E S18SW, 15.iv.1993 (Pellmyr) Peak, 13.iv.1979 , 14.iv.92, 14± 15.iv.1993 Flight period: Mid-April to mid-June. A single female without pollen was collected in December.
Comments: Tan-coloured individuals are known only from higher elevation and latitude, including sites from northern Arizona and New Mexico northward (Table 4) . Male genitalia depicted in Fig. 106 in Davis (1967) belong to this species. Tegeticula baccatella is one of the unnamed species discussed in Leebens-Mack et al. (1998) .
Tegeticula carnerosanella sp.n. (Fig. 1C) Tegeticula yuccasella auct.
Wingspan: 20±25 mm, 25±27.5 mm. Integument amber yellow.
Head: With white scales. Maxillary palp with fully developed brown tentacle in female, with sensory setae in same site sometimes on a knob in male. Labial palp with tan () or brown () scales dorsally on 1 or 2 () or all () segments, elsewhere white-scaled; female with 20±30 sensory setae ventrally on second segment; male with 1±3 seta near bend at base of second segment. Proboscis yellow, same colour as maxillary palp. Antenna 0.47±0.54 Q length of forewing, with 47±56 segments; white scales cover basal 20±27 segments, remainder amber yellow.
Thorax: With white scales. Legs yellow. Forewing length in male 9.8±10.4 mm, female 10.9±12.3 mm; width in male 2.7±3.1 mm, female 3.2±3.5 mm; white dorsal surface except for ®ne row of dark brown scales on costa from base to one-third of entire length; dark scales faint in some individuals. Underside light brownish grey, with white edge along outer costa and broad white region along outer edge and along basal A and M veins in female. Hindwing white, with light grey scales along front in some males or very light grey, sometimes with tan tinge by apex and outer margin as result of exposed membrane grey along front edge and apical region, turning lighter to white-light grey at back edge. Underside very light grey, darker along basal 2 3 in area covered by forewing. Fringe white on both wings.
Abdomen: Dorsally tan, with white linear scales along posterior edge of each segment; in both sexes last 2 segments with white erect linear scales forming brush. Underside white, with valva in male with mostly white scales, sometimes with very light tan scales along posterioventral edge.
Male genitalia: Vinculum-saccus 2.2±2.4 mm long, relatively large valvae with bluntly pointed cucullus (Fig. 5C) , and asymmetrical comb-like pectinifer consisting of 9±12 fused spines (Fig. 6C) . Aedeagus conspicuously curved, 2.7 mm long, 0.02 mm in diameter (Fig. 7C) .
Female genitalia: Apophyses posteriores 7.6±8.3 mm long, apophyses anteriores reaching front of abdomen (Fig. 8C) ; slender ovipositor with 0.2±0.3 mm long ridge starting 0.08± 0.10 mm from tip, so low as to amount to a row of teeth on ovipositor surface (Fig. 9D) ; ductus bursae 2.6±2.9 mm long, corpus bursae of intermediate size, with two 0.45±0.60 mm signa (Fig. 10C) .
GenBank accession number: Not available. Etymology: The species epithet refers to Y. carnerosana, the only known host of the species. between the wall and the ovules, in the upper portion of the ovary.
Distribution (Map 3): The moth coexists with its host Y. carnerosana throughout its limited U.S. distribution in westernmost Texas, in the Big Bend region and in a north± south band of Hudspeth County from south of Sierra Blanca to Guadalupe Mountains. The host extends southward at least to central San Luis Potosi, about 700 km into Mexico (Matuda & Pin Äa Lujan, 1980) , and the moth should be sought there. Typical habitat is shrub desert, where the host often constitutes a virtual forest. Altitudinal range 800±1800 m.
Flight period: Mid-March to May. Comments: This is one of two species in the United States that has white or near-white hindwings. The other species, T. rostratella, is sympatric but emerges about one month after T. carnerosanella. The two species are readily separated by colour of the integument as seen on the distal portion of the antenna.
Tegeticula cassandra sp.n. (Fig. 1D) Tegeticula yuccasella auct.
Wingspan: 20±24.5 mm, 21±27 mm. Integument brown.
Head: With white scales. Maxillary palp with fully developed brown tentacle in female, usually prominent rudiment in male. Labial palp with brown scales dorsally on 2 basal segments, white or tan scales on all or part of 2 distal segments; female with 25±30 sensory setae ventrally on second segment; 1±3 setae present in most males. Proboscis light brown, same colour as labial palp. Antenna 0.40±0.45Q length of forewing, with 46±51 segments; white scales cover basal 15±21 segments, remainder solid brown or with apical 10±15 segments darker brown and proximal segments amber.
Thorax: With white scales. Legs brown. Scales white, except forelegs with brown anteriorly on femora and basal portion of tibia; hindtibial fringes light tan. Forewing length in male 9.8± 10.8 mm, female 10.5±11.8 mm; width in male 3.5±3.7 mm, female 3.5±3.9 mm; dorsal surface always white; all individuals with narrow band of dark brown scales on costa from base to 20±35% of entire length. Underside dark brownish grey except for yellowish white portion overlapping hindwing. Hindwing dark grey with brown tinge, darkest by fore edge and apex, gradually lighter toward back corner. Underside sparsely scaled in brownish grey, with darker area along fore edge where overlapping with forewing. Fringes of both wings white, with pale tan inner region on hindwing in some individuals.
Abdomen: With dorsal scaling tan, with lighter scales along posterior edge of each segment; in both sexes last 2 segments with white or light tan erect scales forming brush. Underside white in both sexes. In male, valva with white scales.
Male genitalia: Vinculum-saccus 1.30±1.45 mm long, valvae with slightly tapering cucullus (Fig. 5D) , asymmetrical pectinifer consisting of 5±8 fused spines (Fig. 6D) , without well-de®ned crescent below pectinifer found in T. yuccasella. Aedeagus 1.45±1.70 mm long, 0.09±0.10 mm in diameter (Fig. 7D) .
Female genitalia: Apophyses posteriores 4.1±4.5 mm long apophyses posteriores (Fig. 8D) ; ovipositor with prominent 0.36±0.43 mm long, 0.08 mm high serrated dorsal ridge starting 0.04±0.05 mm behind tip (Fig. 9C) ; ductus bursae Stn 1±7.v.1964 Stn 1±7.v. , 5.v.1974 Stn 1±7.v. , 12.vi.1986 Stn 1±7.v. , 12.v.1998 Co., Cassadaga, 31.v.1953 , 20.v.1962 , 9.v.1964 Flight period: May to June. Comments: This species coexists with T. yuccasella and T. intermedia in Florida, and can be dif®cult to distinguish from them in the ®eld. The oviposition behaviour of cutting into the style is highly diagnostic for the species. The adult moth is larger than T. yuccasella and T. intermedia, and has more pure grey hindwings than the brownish grey found in the others. The presence of tentacles distinguishes the female from T. intermedia, and the high keel on the ovipositor visible without dissection on many specimens distinguishes it from T. yuccasella. In the absence of tan scales, present only in T. intermedia, males generally require genitalic dissection for certain identi®cation. Valval shape of T. cassandra is very similar to that of T. intermedia (Fig. 5D,H) , which differs from T. yuccasella, thus ventral examination of the valvae is suf®cient for identi®cation of T. yuccasella males. The most reliable trait for distinction between T. cassandra and T. intermedia is the width of the aedeagus, which is signi®cantly thicker in T. cassandra (Table 1) .
Tegeticula corruptrix sp.n. (Fig. 1L) Tegeticula yuccasella auct.
Wingspan: 22.5±28 mm, 25.5±35 mm. Integument medium to dark brown.
Head: With white scales. Maxillary palp without evidence of tentacle rudiment in most individuals and small patch of sensory setae at insertion point in occasional specimens of either sex. Labial palp with brown scales dorsally on 1 or 2 basal segments, elsewhere white-scaled; female with 0±3 sensory setae and 0 or 1 in male ventrally at bend near base of second segment. Proboscis amber, equal to or lighter than maxillary palp. Antenna 0.41±0.54Q length of forewing, with 50±60 segments; white scales cover basal 15±17 segments, remainder dark brown.
Thorax: With white scales. Legs amber, uniform in some or turning lighter toward tips, scales usually white but sometimes brown anteriorly on foretibia and tarsi. Forewing relatively narrow, length in male 9.6±12.1 mm, female 11.5±15.2 mm; width in male 3.3±3.6 mm, female 3.6±4.7 mm; dorsal surface white, with dark brown scales on costa from base to 15±40% of entire length. Underside brown to dark brown except for yellowish white streak on outer costa and on section overlapping hindwing; also light scales between veins intruding 2±3 mm from outer edge in some individuals. Forewing fringe white. Hindwing uniformly dark brown, or darker brown along front edge and near apex, gradually lighter due to sparser scaling toward back corner. Underside mirrors upperside, but is generally somewhat lighter. Hindwing fringe white, but basal third brown in specimens with darker hindwings.
Abdomen: Dorsally with dark to medium tan scales, with white or light tan linear scales along posterior edge of each segment; in both sexes last 2 segments with white (, ) or tan () erect scales forming brush. Underside white; valva in male with white scales or white and tan scales intermixed.
Male genitalia: Vinculum-saccus 1.9±2.5 mm long, moderate-size valvae with tapering cucullus (Fig. 5E,F) , and asymmetric pectinifer consisting of 6±15 fused spines (Fig. 6E,F) . Aedeagus 2.2±2.8 mm long, 0.06±0.08 mm in diameter (Fig. 7E,F) .
Female genitalia: Apophyses posteriores 9.0±12.9 mm long; apophyses anteriores reaching front of abdomen (Fig. 8E,F) ; ovipositor with 0.05±0.08 mm high, 0.8±1.3 mm long ®nely serrated keel starting 0.04±0.08 mm behind tip (Fig. 9J,M) ; ductus bursae 2.4±3.5 mm long, corpus bursae small to intermediate in size, with two 0.5±1.0 mm signa (Fig. 10E,F) .
GenBank accession numbers: U49027, U49034, U49038, U49040.
Etymology: The species epithet refers to the loss of pollination behaviour in this species, and hence re¯ects the cheating habit of this yucca moth. The term was ®rst, incorrectly, used as a descriptor of T. yuccasella by Boll (1876) Vista, 19±20.v.1986 Vista, 19±20.v. , 4.vi.1988 (Wielgus) (USNM); 14.5 km W Willcox, 21.vii.1973, 6 9 (Chemsak) (UCB); 33 km SE Willcox, 30.vii.1991 , 28.vii.1995 Co., Santa Rosa Mtns, Pinyon Crest, 26.v.1973 , 28.v.1978 , 6±8.vi.1995 Addicott, 1993) . The species coexists with intermedia along the western Great Plains region and into the Great Plains/ Chihuahuan desert transition of New Mexico and into Texas. Altitudinal range 0±2300 m.
Flight period: Mid-April to early August. Adults typically appear a few weeks after the¯owering peak of its local host.
Comments: The very large size of this species distinguishes it from virtually all other members of the yuccasella complex. Relatively limited material is available, primarily because this species has to be light-trapped or sought on full-size fruits (except on late-¯owering Y. elata), neither of which are traditional methods for collecting yucca moths. It is also perhaps the most variable species as currently circumscribed, and I present data and illustrations of moths from two hosts (the¯eshy-fruited Y. baccata and the capsular-fruited Y. elata). Preliminary molecular analyses suggest that moths on capsular-fruited and¯eshy-fruited hosts constitute separate clades (Pellmyr et al., 1996b) . Supporting such a distinction, the moths on Y. elata and Y. angustissima var. intermedia tend to have light hindwings and shorter, blunter forewings, whereas those of, e.g. Y. treculeana and Y. schidigera have dark hindwings and slender, pointed forewings. There are also considerable differences in traits such as the length of the aedeagus, apophyses length, length of the serrated ovipositor keel and size of the signa. Meanwhile, some populations are as variable as the species as a whole in gross colouration, and moths from other sites and hosts are intermediate in one or more genitalic traits. For the present time, it seems prudent to retain these moths as one species until more material comes available for assessment.
Tegeticula elatella sp.n. (Fig. 1D) Tegeticula yuccasella auct.
Wingspan: 21±25 mm, 26.5±28 mm. Integument medium to dark brown.
Head: With white scales. Maxillary palp with fully developed brown tentacle in female and no trace or a few setae in same position in male. Labial palp with brown scales dorsally on ®rst segment, elsewhere white-scaled. Second segment in female with about 30 sensory setae ventrally; none apparent in male. Proboscis orange yellow, paler than maxillary palp. Antenna 0.41±0.48 Q length of forewing, with 46±50 segments; white scales cover basal 14±20 segments, remainder brown or dark brown. Vertical annular setae less apparent than in other taxa.
Thorax: With white scales. Legs amber to brownish yellow. Forewing length in male 9.3±11.0 mm, female 11.9±12.0 mm; width in male 3.0±3.8 mm, female 3.8±4.0 mm; white dorsal surface except for brown scales on costa from base to 25±40% of entire length. Underside brownish grey except for white costal front and narrow outer region, and near white portion overlapping hindwing. Hindwing white with light to medium grey near apex down to M 1 , occasionally with rusty tinge. Underside grey in apical ®elds, with rapid lightening gradient inward to white. Fringe white on both wings.
Abdomen: Dorsally light tan, with white linear scales along posterior edge of each segment; in both sexes last 2 segments with white erect scales forming brush. Underside white, with valva in male with white scales.
Male genitalia: Vinculum-saccus 1.5±1.6 mm long, moderately large valvae with blunt cucullus (Fig. 5G) , and asymmetric pectinifer consisting of 11±15 fused spines (Fig. 6G) . Aedeagus 1.5±1.7 mm long, 0.08±0.10 mm in diameter (Fig. 7G) , being the shortest and thickest within the complex.
Female genitalia: Apophyses posteriores 4.4±5.1 mm long (Fig. 8G) ; ovipositor with serrated 0.40±0.45 mm long and 0.06±0.07 mm high keel of ®ne teeth starting 0.06 mm from tip (Fig. 9E) ; ductus bursae 2.3±2.7 mm, corpus bursae large and with two 1.25±1.30 mm signa (Fig. 10G) .
GenBank accession number: U49028. Etymology: The species epithet is derived from Y. elata, the only known host plant.
Material examined: 33, 22. Holotype, , USA: Texas, Brewster Co., Big Bend Nat'l Park, S Persimmon Gap nr Nine Pt Draw, 700±800 m, in¯ower of Y. elata. 5.v.1994 N29°33±39¢ W103°8±9¢ (Pellmyr & Augenstein) (USNM). Paratypes, same data as holotype: 2; same locality, 4.v.1995, 5 1; same locality, 3.v.1995, 2, 1. Other specimens, USA: Arizona, Cochise Co., Douglas, 8± 15.vi, 7 10 (Anonymous) (USNM); Sierra Vista, 23.v.1986 Vista, 23.v. , 4.vi.1988 , 3 1 (Wielgus) (USNM); Pima Co., 6.vi.1924 , 1 (Anonymous) (USNM); Yavapai Co., Camp Verde, 23.v.1994 , 1 1 (Pellmyr) (OP); Rimrock, Beaver Creek, 31.v.1965, 1 (Powell) (UCB); Yavapai Co., Tuzigoot NM, 1.vi.1965, 1 (Powell) (UCB); New Mexico, Don Äa Ana Co., 13 km E Mesquite, 2.vi.1979, 2 2 (Miles) (USNM); Grant Co., Bayard, 16.vi.1972 , 3.vii.1976 , 2±4.vii.1978 , 3 1 (Ferris) (LACM); Luna Co., Deming, 9.vii. 1 (Cockerell) (USNM); Texas, Brewster Co., Marathon, 24.v.1932 Co., Sierra Blanca, 22.v.1994 , 9.vi.1995 Flight period: May to early July. Comments: Tegeticula elatella, T. super®ciella and T. cassandra are the only described pollinators that lay their eggs into the ovary wall, rather than inside the ovary. These species have a very large keel on the ovipositor. The oviposition behaviour of T. elatella was described by Trelease (1893) .
Tegeticula intermedia (Riley), comb.n. (Fig. 1K) Prodoxus intermedius Riley, 1881: 635,639, Fig. 11; 1891a: 97, no. 5186; 1892: 148, pl. 43, Fig. 1; 1893a: 49; 1893b : 307. Trelease, 1893 : 206. Dyar, 1902 [1903a 1903b : 103. Kearfott, 1903 : 124, no. 7103. Barnes & McDunnough, 1917 : 197, no. 8461. McDunnough, 1939 , no. 9824. Busck, 1947 Wingspan: 18±23(± 28) mm, 20±29 mm. Integument brown.
Head: With white scales. Maxillary palp with tentacle rudiment ranging from pointed protuberance to a tentacle-like structure less than a quarter of functional length and less than half width; variation in male ranges from a short pointed tentacle rudiment to no trace (Fig. 2C±E ). Labial palp with dark brown scales dorsolaterally on 2 basal segments, elsewhere white-scaled; female with fewer than 15 short sensory setae ventrally on second segment, and none in male (Fig. 4C,D) . Proboscis light yellow or brown, same brightness as maxillary palp. Antenna 0.41±0.50Q length of forewing, with 44±50 segments; white scales cover basal 15±20 segments, remainder brown.
Thorax: With white scales. Legs amber; scales white, except for darker specimens that have some brown scales anteriorly on fore tibia, fore tarsi, and mid tibia. Forewing broad and with blunter tip, length in male 7.8±9.9 mm, female 8.8±10.9 mm; width in male 3.1±3.7 mm, female 3.1±4.1 mm; dorsal surface white, with tan colouration ranging from a few scales (in discal region) to solid tan in occasional specimens; all specimens with dark brown scales on costa from base to 20±40% of entire length. Underside dark brown except for yellowish white costa beyond dark # 1999 Blackwell Science Ltd, Systematic Entomology, 24, 243±271 scales and on section overlapping hindwing. Forewing fringe white. Hindwing medium to light brownish grey, darkest by apex, gradually turning white toward hind corner. Underside dark brown, darkest along fore edge and near apex, gradually turning white toward back corner. Hindwing fringe with basal third brown, sometimes with rusty tinge, and remainder white.
Abdomen: Dorsally tan, with white linear scales along posterior edge of each segment; in both sexes last 2 segments with white or near white erect scales forming brush. Underside white, with tan tinge in specimens with tan forewings; valva in male with white scales, but especially in tan-coloured specimens tan and brown scales along posterioventral edge near pectinifer.
Male genitalia: Vinculum-saccus 1.2±1.5 mm long, shortest of all species treated here, relatively modest valvae with slightly tapering cucullus (Fig. 5H) , and short asymmetric pectinifer consisting of 5±9 fused spines (Fig. 6H) . Aedeagus 1.3±1.5 mm (Fig. 7H) , shortest of any species here, and among the broadest at 0.07±0.08 mm diameter.
Female genitalia: Apophyses posteriores 4.6±5.3 mm long (Fig. 8H) ; ovipositor with arrowhead-shaped tip and distinctive 0.06±0.08 mm high keel dorsally starting 0.04±0.08 mm from tip (Fig. 9G) ; ductus bursae 2.0±2.7 mm, corpus bursae located in part anterior of apophyses being quite large, with 2 signa of 1.2±1.3 mm diameter (Fig. 10H) .
GenBank accession numbers: U49029±30, U49033±4, U49036.
Material examined: 177, 177. Type material, lectotype, Dallas, Tex.'`Boll', designated by Davis (1967) . A paralectotype of P. intermedius from Ute Pass, Colorado, designated by Davis (1967) is transferred to T. corruptrix. Other specimens, USA: Connecticut. New London Co., Voluntown, 6.viii.1996 (larvae) (Giles) (OP; DNA voucher); Florida, Liberty Co., Bristol, 22.v.1982 , 1 (Baggett) (USNM); Torreya State Park, 28.vi.1982 , 1 (Baggett) (USNM); Marion Co., Ocala NF, nr Big Scrub camp, 16.vi.1986, 5 5 (Powell) (UCB); Okaloosa Co., E Destin/Buck Bayou, 6.vi.1996 , 1 2 (Leebens-Mack & Keyes) (OP); Polk Co., Lakeland, 6.v.1912 , 2 (Anon) (USNM); Walton Co., Seaside, 6.vi.1996, 8 Mating often occurs within host¯owers, where the moths also may feed on vestigial nectar at the ovary base. Eggs are laid into 6±20-dayold fruits, and are placed very super®cially under the plant cuticle, usually < 0.2 mm below the surface. The hatching larva chews its way into the ovary, where it feeds on developing seeds. Natural habitats include sand dunes, pine forest and glades in the east, and grassland, shrub desert and pinyon forest elsewhere.
Distribution (Map 6): Throughout the Great Plains and areas east of it, extending into central New Mexico. It coexists with T. yuccasella everywhere, and extends beyond it at its southwestern boundary. Altitudinal range 0±1400 m.
Flight period: May to early July. Comments: This species was ®rst described as a Prodoxus species based on two specimens from Texas and Colorado, respectively. Riley (1881) considered the maxillary tentacles of female pollinator yucca moths a strict requirement for inclusion in Tegeticula, and thus placed the moth among the bogus yucca moths, Prodoxus, that feed on tissue other than seeds. Recognizing the overall similarity between this species and T. yuccasella s.l., he suggested that similarity in traits such as the ovipositor was the result of convergent evolution. Although this is wrong, he correctly guessed that the species would be found to feed on seeds in the larval stages, and that the species would depend upon pollinator females for the creation of larval substrate. Busck (1947) reduced the species into synonymy with T. yuccasella, concluding that loss of tentacles was`merely an abnormality'. This conclusion was followed by Davis (1967) . Re-examination of the lectotype designated by Davis showed it to be an early cheater, thus the misleading species epithet intermedia regrettably must be applied to this species. The Colorado paralectotype of P. intermedia is a female of the late cheater, T. corruptrix.
Tegeticula intermedia is readily discriminated from the coexisting and partly synchronous T. yuccasella by several genitalic traits that usually do not require dissection. In the male, the ventral edge of the valva diverges near the base in T. intermedia, whereas the edges stay parallel for some distance in T. yuccasella and diverge later to create a distinct crescent below the pectinifer ( Fig. 11 ; Davis, 1967: Figs 107b and 108b). In females, T. intermedia possesses a far larger keel on the ovipositor, and the tip is blunter as well (Fig. 9G ). Dissection will reveal the shape differences in the aedeagus of males (Fig. 7H,N) and the signum size in females (Fig. 10H,N) . Most males in good condition have at least some tan scales, usually in the discal region and are sometimes strikingly tan (Fig. 1K) ; this colouration is seldom found in males in western populations, or in females anywhere. The species also coexists with T. cassandra in Florida, and whereas females are readily distinguished based on the presence of tentacles in T. cassandra, males are more dif®cult to distinguish. Dissection will reveal a signi®cantly thinner and somewhat shorter aedeagus in T. intermedia (Table 1) , and the adults are generally smaller and often have some tan scales on the forewing. Specimens from southern localities often have lighter integument and lighter hindwings than elsewhere.
Tegeticula maderae sp.n. (Fig. 1E) Tegeticula yuccasella auct.
Wingspan: 15±21.5 mm, 19.5±25 mm. Integument yellow.
Head: With white scales. Maxillary palp with fully developed brown tentacle in female and rounded knob at most in male. Labial palp with brown scales dorsally on 2 or all segments, elsewhere white-scaled; female with 30 or more sensory setae ventrally on second segment but no setae in male. Proboscis light yellow, paler than maxillary palp. Antenna 0.46±0.52Q length of forewing, with 45±52 segments; white scales cover basal 16±20 segments, remainder light yellow basally, darkening toward apex, with distinctly darker terminal segment.
Thorax: Covered with white scales. Legs pale to medium yellow. Forewing length in male 8.8±9.7 mm, female 9.6± 10.5 mm; width in male 2.6±3.0 mm, female 2.6±3.4 mm; white scales on entire dorsal surface except for dark brown scales on costa from base to 0.25±0.33 of costal length, continuing underneath to mid costa. Underside dark brown except for white costal front, and pale yellowish brown region on portion overlapping hindwing. Hindwing brownish grey along front edge and apical region, turning lighter to whitelight grey at back edge. Underside brownish grey in frontal and apical region, fading to light grey toward anal corner. Fringe white on both wings.
Abdomen: Dorsally tan, with linear white scales along posterior edge of each segment; in both sexes last 2 segments with white or nearly white linear erect scales forming brush. Underside white, with valva in male with very light tan scales.
Male genitalia: Vinculum-saccus 1.5±1.8 mm long, moderately large valvae with drawn out, tapering cucullus (Fig. 5I) , and asymmetric pectinifer consisting of 9±13 fused spines (Fig. 6I) . Aedeagus 1.70±1.95 mm long, 0.025±0.030 mm in diameter (Fig. 7I) .
Female genitalia: Apophyses posteriores 6.2±7.3 mm long (Fig. 8I) ; ovipositor with 0.5±0.6 mm long, 0.01 mm high serrated keel starting 0.06±0.07 mm from tip, barely rising above ovipositor surface (Fig. 9I) ; ductus bursae of 1.6±2.4 mm length, corpus bursae of intermediate volume in group, with two signa of 0.6±0.8 mm diameter (Fig. 10I) .
GenBank accession number: Not available. Etymology: The species epithet is derived from Madera Canyon, the type locality in the Santa Rita Mountains of Arizona, which has yielded many new species of Lepidoptera.
Material examined: 69, 41, Holotype, , USA: Arizona: Santa Cruz Co., Santa Rita Mts, Madera Canyon, 5100¢ Fig. 11 . Apicoventral view of valvae of T. yuccasella (left) and T. intermedia (right). Scales have been brushed off. Note divergent ventral margins of valvae in T. intermedia, whereas margins run parallel and close for some distance in T. yuccasella. Note also resulting crescent next to the pectinifer in T. yuccasella, as opposed to the gently curved edge in T. intermedia. The edge divergence can often be discerned in the ®eld: a slight opening is apparent between the scale fringes in T. intermedia, whereas they are completely appressed in T. yuccasella.
[1700 m], July 10±26 1964 (Davis) (USNM). Paratypes, same data as holotype: 10, 10. Other specimens, USA: Arizona, Cochise Co., Chiricahua Mtns, Cave Creek, 3 km SW Portal, 26.vii.1967 , 22±29.vii.1972 , 2.viii.1973 , 6.viii.1974 Mtns, Madera Canyon, 22±24.vii.1947 , 29.vi-6.vii.1959 , 16.vi.1963 , 10± 26.vii.1964 , 23±25.vii.1971 , 18±19.vii.1977 , 20.vi.1979 (USNM, LACM, UCB).
Known host and oviposition site: Yucca schottii. Eggs are laid inside the ovary, between the wall and the ovules.
Distribution (Map 2): Limited to some of the southern mountain islands of south-eastern Arizona, as detailed by Powell (1985) . Characteristic habitat is pine-oak forest. The host has a more extensive and contiguous range in Mexico (Matuda & Pin Äa Lujan, 1980) and the moth should be sought there. Altitudinal range 1400±2100 m.
Flight period: Late June to early August. Comments: Powell (1985) provided extensive biological information on this species, and indicated that it is a separate species. This is the Tegeticula studied in Ziv & Bronstein (1996) and Bronstein & Ziv (1997) .
Tegeticula mojavella sp.n. (Fig. 1F) Tegeticula yuccasella auct.
Wingspan: 19±21.5 mm, 22.5±24.5 mm. Integument dark brown.
Head: With cream white scales. Maxillary palp with fully developed brown tentacle in female, with sensory setae in same site, sometimes on knob in male. Labial palp with dark brown scales dorsally on 2 or all segments, elsewhere whitescaled; female with 20±30 sensory setae ventrally on second segment; male with one seta near bend at base of second segment. Proboscis amber in female, pale yellow in male, lighter than maxillary palp. Antenna 0.40±0.49 Q length of forewing, with 40±43 segments; white scales cover basal 16± 21 segments, remainder dark brown.
Thorax: With cream white scales. Legs brown basally, lighter brown on distal parts. Forewing length in male 8.0± 9.1 mm, female 9.9±10.7 mm; width in male 2.4±2.7 mm, female 2.7±2.9 mm; cream white dorsal surface except for dark brown scales on costa from base to 20±40% of entire length. Underside dark brown, with yellowish white edge along outer costa, narrow region along outer edge, and along hind area covering hindwing. Forewing fringe cream white. Hindwing with basal two-thirds sparsely scaled light brown, then rapidly increasing scale density to create dark apical region. Underside dark brown in region under forewing, with reminder scaled as upperside but somewhat lighter. Basal third of hindwing fringe dark brown, then lighter brown; some individuals have uniformly dark brown fringe.
Abdomen: Dorsally brownish grey to tan, without lighter posterior segment edges; last 2 segments with yellowish brown () or cream white () erect linear scales forming brush. Underside white, with valva in male with mostly light tan scales, sometimes with darker scales along posterioventral edge.
Male genitalia: Vinculum-saccus 1.30±1.55 mm long, relatively small valvae with short, blunt cucullus (Fig. 5J) , and very long,¯at pectinifer consisting of 18±24 fused spines (Fig. 6J) . Aedeagus 1.5±1.8 mm long, 0.030±0.035 mm in diameter (Fig. 7J) .
Female genitalia: Apophyses posteriores 6.7±7.0 mm long (Fig. 8J) ; ovipositor with 0.35±0.45 mm row of ®ne teeth starting 0.06±0.08 mm behind tip, so low as to seemingly sit on ovipositor surface (Fig. 9F) ; ductus bursae 1.7±2 mm, corpus bursae of small to intermediate volume, with two 0.55± 0.70 mm signa (Fig. 10J) .
GenBank accession numbers: U49039, AF062312, AF062433±37.
Etymology: The species epithet refers to the Mojave desert, where this species occurs. Flight period: Mid-March to early May. Comments: With nearly twice as many spines as any other species, the pectinifer is a strong diagnostic trait for males of this species. Tegeticula mojavella is one of the unnamed species discussed in Leebens-Mack et al. (1998) .
Tegeticula rostratella sp.n. (Fig. 1G) Wingspan: 18.5±22 mm, 22.5±26 mm. Integument brown.
Head: With white scales. Maxillary palp with fully developed brown tentacle in female and usually rounded knob with sensory setae in male. Labial palp with brown scales dorsally on all segments, elsewhere white-scaled; female with 30 or more sensory setae ventrally on second segment; male with one seta at bend at base of second segment. Proboscis lighter brown, paler than maxillary palp. Antenna 0.42±0.53 Q length of forewing, with 42±51 segments; white scales cover basal 18±20 segments, remainder brown, with segment boundaries dark.
Thorax: With white scales. Legs amber to brownish yellow. Forewing length in male 8.6±9.6 mm, female 10.9±11.7 mm; width in male 2.6±3.0 mm, female 3.2±3.3 mm; white dorsal surface except for brown scales on costa from base to 0.16± 0.25 of entire length. Underside medium greyish brown except for white costal front and narrow outer region down to base of M veins, and near white region on portion overlapping hindwing. Hindwing white or very light grey, sometimes with tan tinge by apex and outer margin as result of exposed membrane grey along front edge and apical region, turning lighter to white-light grey at back edge. Underside very light grey, darker where covered by forewing. Fringe white on both wings.
Abdomen: Dorsally tan, with linear scales along posterior edge of each segment; in both sexes last 2 segments with white erect scales forming brush. Underside white, with valva in male with very light tan scales.
Male genitalia: Vinculum-saccus 1.8±2.0 mm long, moderately large valvae with drawn out, pointed cucullus (Fig. 5K) , and short pectinifer consisting of 5±8 fused spines (Fig. 6K) . Aedeagus 2.2±3.0 mm long, 0.03±0.04 mm in diameter (Fig. 7K) .
Female genitalia: Apophyses posteriores 5.2±6.4 mm long (Fig. 8K) ; ovipositor with 0.38±0.42 mm long, 0.045 mm high keel with ®ne teeth starting 0.10±0.15 mm from tip (Fig. 9K) ; ductus bursae 2.8±3.8 mm long, corpus bursae of intermediate volume, with 2 signa of 0.60±0.75 mm diameter (Fig. 10K) .
GenBank accession number: Not available. Etymology: The species epithet refers to the only known host, Y. rostrata. Comments: This is one of two species in the United States that has white or near-white hindwings. The other species, T. carnerosanella, is sympatric but emerges about 2±4 weeks before T. rostratella. The two species are readily separated by the colour of the integument as seen on the distal portion of the antenna.
Tegeticula super®ciella sp.n. (Fig. 1H) Tegeticula yuccasella auct.
Wingspan: 20.5±25 mm, 24±30 mm. Integument dark brown.
Head: With white scales. Maxillary palp with fully developed brown tentacle in female but no trace of it in male. Labial palp with brown scales dorsally on 1±3 segments, elsewhere white-scaled; female with 20±30 sensory setae ventrally on second segment; none apparent in male. Proboscis yellow, paler than maxillary palp. Antenna 0.36±0.49 Q length of forewing, with 45±53 segments; white scales cover basal 16±19 segments, remainder dark brown.
Thorax: With white scales. Legs brownish yellow. Forewing length in male 9.1±11.0 mm, female 10.5±13.3 mm; width in male 2.9±3.5 mm, female 3.2±4.1 mm; dorsal surface white, with some males with scattered tan scales especially near outer margin; dark brown scales on costa from base to 20±35% of entire length. Underside dark brown except for white costal front beyond dark scales and narrow outer region, and yellowish white portion overlapping hindwing. Forewing fringe white, with rusty sheen in specimens with tan forewings. Hindwing dark brown, darker by apex. Underside dark brown. Hindwing fringe in male basally brown or rusty with outer portion white, or brown and rusty in its entirety in some specimens; female usually basal rusty half and distal portion white.
Abdomen: Dorsally darker tan, with light tan linear scales along posterior edge of each segment; in both sexes last 2 segments with white () or near white () erect scales forming brush. Underside white or near white, with valva in male with white scales, and distinctly tan scales along ventroposterior edge in individuals with any tan colouration on forewing.
Male genitalia: Vinculum-saccus 1.35±1.60 mm long, relatively large valvae with tapering cucullus (Fig. 5L) , and asymmetric pectinifer consisting of 6±10 fused spines (Fig. 6L) . Aedeagus 1.45±1.60 mm long, 0.08 mm in diameter (Fig. 7L) .
Female genitalia: Apophyses posteriores 3.75±4.40 mm long (Fig. 8L) ; ovipositor with prominent, 0.07±0.09 mm high, 0.4±0.5 mm long serrated keel starting 0.02 mm from tip; height exceeds diameter of ovipositor (Fig. 9L) ; ductus bursae 2.4±3.1 mm in length, corpus bursae volume probably the largest within the group, with two 1.30±1.45 mm signa (Fig. 10L) , second largest of all species discussed here.
GenBank accession number: U49042. Etymology: The species epithet is based on the super®cial placement of the egg in the host ovary. Reveal, 1977) . Eggs are laid very super®cially in the ovary wall.
Distribution (Map 6): The species is currently known only from extreme south-western Utah and from northern Arizona. Altitudinal range 1200±1800 m.
Flight period: May to June. Comments: This species may be one of the two pollinators described by Tyre & Addicott (1993) .
Tegeticula treculeanella sp.n. (Fig. 1I) Tegeticula yuccasella auct.
Wingspan: 19.5±23.5 mm, 23.5±29.5 mm. Integument amber yellow.
Head: With white scales. Maxillary palp with fully developed brown tentacle in female, sometimes evident as pointed rudiment in male. Labial palp with brown scales dorsally on all segments, elsewhere white-scaled; female with about 30 sensory setae ventrally on second segment; 1 or 2 setae present in male. Proboscis pale yellow, same colour as maxillary palp. Antenna 0.44±0.49 Q length of forewing, with 45±51 segments; white scales cover basal 15±21 segments, remainder yellow.
Thorax: With white scales. Legs uniformly light amber to yellow. Forewing length in male 8.8±10.1 mm, female 9.9± 12.3 mm; width in male 2.5±3.0 mm, female 3.0±4.4 mm; dorsal surface white, with narrow band of dark brown scales on costa from base to 20±35% of entire length, only visible from front in some individuals. Underside dark brown except for white costal front beyond dark scales and very narrow yellowish white outer edge, and yellowish white portion overlapping hindwing. Hindwing brownish grey, darkest by fore edge and gradually lighter toward back corner; without apparent darker apex. Underside light brownish grey, with darker area along fore edge where overlapping with forewing. Fringes on both wings white.
Abdomen: Seventh segment slightly bulging ventrally, creating less pointed tip in lateral view than found in other taxa; dorsal scaling tan to dark tan, with light tan linear scales along posterior edge of each segment; in both sexes last 2 segments with very light tan or white erect scales forming brush. Underside white or with tinge of tan, with valva in male with light tan scales.
Male genitalia: Vinculum-saccus 1.5±1.8 mm long, relatively large valvae with rounded, tapering cucullus (Fig. 5M) , and asymmetric pectinifer consisting of 8±12 fused spinesdistinct crescent below the pectinifer ( Fig. 11 ; Davis, 1967: Figs 107b and 108b) . In females, T. intermedia and T. cassandra possess a far larger keel on the ovipositor, and the tip is blunter as well (Fig. 5C,D,H) , and T. intermedia has vestigial tentacles. Dissection will reveal the shape differences in the aedeagus of males and the signum size in females. Presence of tan scales on the forewing is only present in T. intermedia. Davis (1967) synonymised T. mexicana Bastida with T. yuccasella. It is a separate species, however (Pellmyr, unpublished data) , and it has been removed from the series of lectotypes.
On a historical note, one of the original moths collected by Engelmann in 1872 (Engelmann, 1873) and given to Riley for examination and description was rediscovered in the USNM collection in the course of this study. This worn female specimen is labelled`found in Yucca¯ower ± Engelm. June 12/72'.
